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. This a oer is one. of 2 series pete prevareda _ the United States °- 
Bureau of Mines on mining nethods, ~ oreetices,.end costs in the various mining | 
districts of the United States. It. dcacri ves the mine cf the Hanover Bessemer 
Iron & Copner Co. .at Fierro, Grant County, I. i., which is the only operating 
iron mine in.the soutnwestern part of the. Tnited States. This mine is ina 
district noted for the creat varicty of orss that it- produces. Within a small 
area, aS shown in Figure l, there: are aoe age oe of nearly all the’ 
common metala. so es 

The eis occurs in lenticular masses dipping at about 50°. An under- 

hand stoping method hes teen develooed trat recuires but a very small amount 
of handling of ore. As the ore is very irregular in iron ccntent ané also in 
the distribution of the impuritics--chicfly sulsiur, silics, snd magnesia--a 
method has to. be.used that will permit: selective mining and will elso allow 
ore and waste to. be telcen out geyaroately.as conditions change. A m.gnetic cob. 
bing plant reises the grade of the ore shinped about 10 per cent. : 


Nearly all of the iron ore is shinped to Puedle, Colo., a distance 
of 694 miles, where it is smelted. by the Coloredo Fucl & Iron Co. The mine is 
not a large producer, as the long distance from blast furnaces limits its out- | 
put. In recent years the annual shinments have amounted to about 200,000 tons,» 
The proverty is notevorthy chieflyon account of this long trensportetion Ly 
rail and the economicel methods that have been develored to make the operation 
profitable. About 175 men are employed, : re rr 
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HISTORY 


It is probable that exploration for: copper was carried on in the dis- 
trict several hundred years ago. Relics of Spanish operations have been found 
near the ancient adobe furnaces and slag dumps. 


. The large outcrops of magnetite attracted attention for many years, 
but the lack of trans»ortation mode them of no economic value. Soon after the 
railroad was brought to Silver City, some "float" ore was Shipped to Pueblo, 
that had been hauled from Fierro. by Ox teams on the return trip after bringing 
supplies to Fort Bavard. 


In 1888, a water-jacketed copser smelter was built at the Anson § mine, 
but this was operated only one year. 


The Santa Fe Railroad tas extended by ste ages; in 1891 it reached 
Hanover, and the shipment of iron ore for oceans purposes to the copper snel- 
ters at Socorro and El Paso. was Started. 


The Ganover Bessemer Iron Ore Association was errr in 1899, at 
which time the railroad was built to Fierro. A lease was arranged with the 
Colorado Fuel & Iron Cosy, and shipments to Pueblo started. In 1914, the Hanover 
Bessemer Iron & Copper Co. Was incorporated, end a contract was made for the 
sale of iron ore. A fine-grinding welsconcent satin mill was built in 1916. 
A controlling interest was ait aa by the United States Smelting Refining é 
Mining Co. in 1919. . ae , . 
| . GEOLOGY - 

“The U: ited States Geological Survey has described the general features 
of the district. Many difficult problems are ag and mach additional 
time has been spent on then. 


A section of the formation at Fierro is shown in Figure 2. An intn- 
sive betholith of granodiorite forced its way throuch the sedimentary rocks and 
raised. them in a-dome. The fractured surface was eroded more easily than the 
surrounding rock, and the caoping was removed and 2 valley worn away in the 
granodiorite. The metamorphosed portion of the sedimentaries resisted erosion 
and now stands out in ridges 300 to 400 feet higher than the creek level, The 
exposed portion of the granodiorite is about one-half mile east and west uae 
1 1/2 miles north and south. | 


The granodiroite is apparently part of the varent magma of the district, 
its deep-seated nature being shown by. the coarseness of the mineral crystals. 
While. the mass was still heated the metallic elements were carried outward, 
seeking favorable conditions for deposition. Avparently iron was most abundant 
and devositéd at the highest temperature, close to the contact'of the igneous 
mass and the sedimentary rocks. The fractured limestones afforded the desired © 
conditions, and replacement took place in varying degrees. In some places the 
rn yee sys 
3 Geologic Atlas, Silver City Folio No. 199, Sidney Paige. «_ | 
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Figure 1.— Portion of central mining district, New Mexico 
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limestone was nearly, pure and was almost comletely re:leced. Some bodies of _ 
magnetite near to the chemical commosition Fez04 (Fe = 72.36 per cent) have been 
mined. This ‘Class of ore is alWays aurrounded by crystaline limestone of great 
purity. In other vlaces, beds high in silica were vartly renlaced, and ore 

low in iron resulted. oo ring 


| The larger part of the ore is a reslacement of the El Paso.Limestone. 
Dr. A. C. Spencer of the U. S. Geological Survey vas able to identify one of the 
ore beds, which has a banded arrangement mode uo of el*+crnate leyers of serpen-. 
tine and magnetite, as bein, a reclacement of a lover member of the El Paso © 
limestone and another, a svotted ore, Which contsins nodules of sermentine in 
magnetite, as 2 revlacement of ea bed at the tpper part of the El Faso limestone. 
This bed, when unaltered, contains nodules of chert. Dr. Svencer has also noted 
that some of the ores were Ce osited in the Bliss sandstone at the ver: bese of 
the sedimentary strate, next to the ore-Cenbrian gneiss. This accounts for the 
high silica percentaze of such orés. From these relations. we can now tell Where 
nearly all of the rexlaced beds occuirea in the geoiogical ‘colum. This infor- 
mation has been a great help in mining operetions, particularly in directing the 
development of ore low in silica. = 


Some co.xer sulonide was desosited with the macnetite as the minerals 
cnelcooyrite and chalmersite? This tron ore vhen unaltered contains about 0.60 
per cent of copper. [In addition, the conver sulphide minerals moved away from 
the contact zone to pleces where lower tenoerature conditions prevailed and 
Where little magnetite was deposited. In the neighboring mines at Santa Rita 
the cooper minerals are disseninated tarou.: th larse messes of Colorado shale and 
invading igneous rocks. 


The effect of peeeaes on the dexosition of the ores has brought 
about a gonal arrangone:t of the ores that is a marked characteristic of this 
district. The order of these zones is as follcws, starting from granodiorite 
core: 3s : 


l. Magnetite ith: snel) aeuate of sulnhide conver 
2. Chelcoovrite low-in magnetite. | 
3. Snhelerite vith some magnetite 
4, Sphalerite with low lead 

Do. Sphalerite anc golena _ 

6. Gelena and siiver 3 ~~ 


Nearly ell of the mines of the district are found in these zones as 
Will be seen by reference to Ficure l. 


Berrimsen Siasure. 

As will be noted from Figure 3, o ma! for preintrusive fault zone 
bears northeast and southwest througn the sedineataries. The throw of this fault 
is estimated to be approximately 1,290 feet vertically and 800 to 900 feet 


4 - Schwartz, G. il., Chalmersite as fierro, New Mexico with a Note on Its Occur- 
ence at Parry Sound, Ontario: Econ. Geol., vol. 18, lo. 3, April-May, 1923. 
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horizontally. The movement was soread over a wide area and left a favorable 
zone for the cezosition of ore. In general, the ore along this fissure, as con 
pared with the contact ore, has about half the percentage of. magnetite, much 
more pyrite, enc about three times the quantity of copper. As the distence 
from the grancdiorite increases, zinc occuizs in increasing percentages. 


The outcrops along the Barringer fissure have been oxidized and leack 
ed, end lenses of bron iron ore, locally called hematite, have been left be- 
-hind. The copver has been concentrated in zones of secondary enrichment and 
is found as native cooner and as cuorite anc chelcocits. 


Ore Ore Bodies 


The meegnetite ore bodies occur in the first zone. They are very irreg- 
ular in size but run more or less narallel to tke granodiorite contact and are 
ususlly lenticuler. Ina few cases a thickness of 200 feet is attained, but 
the average is about 40 feet. In many instances alternate beds have been re- 
-cvlaced, leaving bets of altered rock and low-grade iron De wveen. Oftentimes 
four parallel beds are found. When these merge a wide zone of ore is found. 
The mining of such parallel dezosits requires great cere, especially in keeving 
the pillars in elie cnment . 


The dio of the ore bocies is usually between 50. and 60° away from 
the erenodiorite é, although, in. a few cases, a reverse dip occurs. The dip 
appears to be flattening with depth. 


. | a mumber of dixes of porphyritic texture emanated from the greno- 
diorite and cut across the ore. Usually these dikes extend but a short distance 
into the limestone bev7ond the ore. 


There have been many minor feults cutting the ore boties, and slicker 
sides are mach in evidence. The pressure has evidently been very great, but 
the displacement is not usually large. In general, the direction of the fault- 
ing end of the dikes is northeast and southwest. These dikes and minor faults 
have not materially influenced the ore eres ener their presence makes 
many changes in mining necessary. 


| In the replacement of the limestone beds, a considerable part of the 
moenesia remained behind. The average partial analysis of the concentrate ship- 
ments is as follows: ; 


Per cent 
Cee ath. aw ave as ; 51,00 
eee ee ae eee eee 058 
S1i05....... - ; 7.28 
Ms wes eeccs e ea <8 72 
BLDO 8 65 Oe eee eran tied 1.42 
CSU ese Ss, Soren eoeeags 21,41 
MO irate S howeeneceeevacs & i 13.38 
070 ihe eee ara a eee 007 
Denese eee ees 058 
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The ore from whicn the concentrates were made came from mining operations near 
the surface. Some of the copper that vas originally present had been leached 
from this ore. Some secondary minerals, such as serpentine, containing magnesia, 
were also formed. The ratio of mgnesia to the other imourities introduces 


difficulties in smelting. 


EXPLORATION 


Diarond Drilling 


Diemond drilling is done on Company cr “he work is done by a 
drill runner and a helper on each shift: they are suervised by the diamond 
setter. This system has proved. more econoiical than coe work. 


Holes to be drilled are planned by the mining’#nd engineering depart— 
ments, and a budget is prepared covering the year's operétion. It has been found 
that diamond drilling is especially useful in directing development drifts and 
in avoiding unnecessary Work. The holes range from 200 to 500 feet in depth. 


Experience has taught that a fen of diamond—drill holes from one set~ 
up gives much more reliable data than single holes. Very often, single-hole data 
are not to bé trasteli and are often disappointing when followed by development. 
‘The averege cost of diamond drilling per foot of hole drilled is as follows: 


Cost ver fuot of diamond drilling 


: Labor : Siopiles | Repairs: Compressed: Total 


: : : air: 
Drilling...... 180.552 :30.519 =: 30.052: 40.135 : 30.967 
Setting bits..: 0654: .017 Doe ee =. , #ORl~ 
Carbon........ See 207 ‘eo oe ede > 207 
Moving........: e158; .028 S$ 0 eee --- ‘ -186 
TOta dunce wisssue’ : 30.784 230.471 >: 30.051 :* 30.135 +: 41.441 


Prosnect Drilline with Rock Drills 


Jackhemer drills are used constantly with steel up to 20 feet long for 
odteining information in advance .of headings. The information secured from these 
is esnecially valuable in the stoves, wut holes are also drilled at the surface 
and in raises and drifts. Many valuable lenses of ore have been found in this 
manner, that would othervise nave been missed. 


From these 20~foot holes the grade of ore is determined by assays of 
drill cuttings. The thickness of dikes and horses is ascertained in many instances 
and the approximate dips of bodies are determined. This class of nrospecting is 
extensively used, and very important information is thus gained at very reasonable 
cost. Its limitation is the length of drill rod that can be handled at the sur- 
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face or underground. 


Deep-hole drilling by tne use of mounted Layner machines with section 
al drill steel ves uscd for vospecting for a time. These holes >roved more ex 
pensive than diamond drilling, end the information Was not as reliable. The 
method is now seldom used. The cost of this work per foot drilled for 636 feet 
Was as follows: 7 


Cost rer foot of deep hole drilling 


Lebor : pease Revairs: ica 3: Total 


@ & 
a SOD SS A LPT LT el EES 


Drilling......: $0.877: *0.609 : $0. 524 $0. 449: $2,459 


Sharpening....: 161: --- : . --- : .008: .169° 
Moving. /......2 0 6179: 14 §:  s<—— ¢ wee: 0193 - 
Total.........: se 217: : $0,625. 40.524 :$0.457 + $2,021 


The Couple ngs and o*tner- ‘equivzent were carefully made, and the high 
cost ig attributed to the hardness of tne tock and ore. The average advance 
per snift was only ©.84 feet. 


Magnetic Surveying 


A magnetic -survey sis pees been made of the surface of all of the 
property that oe contain ore bodies. Forthis work two mgnetometers were 
used that were made by the Askania Corporation of Germany. These instruments 
are of the vertical field tyne, which show the mximam negative or positive 
veriation directly above the cause of the disturbance. Oniy the vertical com 
csonent of the magnetic field was measured. Tvo instruments were used, one with 
a high scale value which gave readciigs thet could be measured over large varla 
tions. The other more sensitive macactometer ves used for areas where small 
var iations were expectcd, : 


In starting this vor’: tie surfece was leid out in a checkerboard with 
sguare 100 feet long on each side. As nearly as possible the lines were arranged 
at right angles to the expected strike of the ore bodies. Magnetic readings were 
made at each intersection. in some ceases, intermediate readings were made. 


The readings Were nlotted on Maps drawn toa scale of 100 feet to the 
inch: On these mans 7as also placed all of the availeble geological information, 
because tuterpretation of the magnetic readings requires careful coordination of 
geological information. The indications were divided into four classes, accor 
ding to the strength and persistency pf athgrreadings. The susceptibility of 
magnetite is several times greater than] any of the other mineral found in quar 
tity in this district; it was therefore safe to assume that the highest readings 
indicated magnetite bodies. Some of these readings ran wo to over 40,000 games, 
as compared with normal readings away from the field, of 3,500 gamnas, Inte 
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mediate readings which ran us to 20,000 gammas nrobably indicated hematite and 
sulphide bodies and were classed ag "mineral indications", Indications and 
"traces! were two subdivisions of weal: readings on sulphide or oxide bodies. 


The'menetite indications s" are now being tested by diamond drilling. 
It is. $00 early to. eoraise properly the results obtained by the magnetic sur- 
veying. . It appears, however, that the readings do not show to very great depth. 
The bodies that are indicated are: probably close to the surface. It is desir- 
able to checl: thé results obtained by magnetic surveying by some form of elec- 
trical. surveying.. A combination of the two methods would be eee eet as a 
means. OF, obtaining preliminary information. 


"The. cost of this work Was as follows: 


Cost per acre...... VIC. BCTeRsicee scenwese ee ee $ 3.30 
Cost per stetion...7,418 stavions. Selectors Sombie 2Ol 


~” . 
. 


SAMPLING AND ESTIMATION 


The eeaenes cone of - so many chemical aenvex<tven. sulphur, 

Silica, phosphorus, copper, end mariganese--reauires careful samoling mebhod@s 
The princivle, -emloyed is to tcke the samples at points where a lerge quantity 
of the material is broken to as fine a.:size.as possible. 

~ Develcpment samples are token as the material is loaded -into the cars. 
It is found ‘thet blasting in drifts and raises breaks the’ ore quite fine and 
gives a quite thorough mixture. This sample, representing: the full cross section 
of the heading, is more valuable than the small area of a channel sample. When 
the face is made ‘up'of two or more classes of material it is necessary to sample 
each separately by channeling. The ore in most cases is very hard, and jack- 
hammer drills are ‘found to be useful in cutting these channels. A sampler is 
ee in the mine on eeciysnett to see that the samples are property taken. 


. Stope saeeies are in general taken from a conveyor belt in the crusher 
plant after the ore hes teen broken to minus 5-inch size. S»vecial samples are 
taken in the stopes aS cach These ere either chipped or obtained by drill- 
ing into the walls. 9: ) a ae. 7 

oe Ge sx Finished pores are sampled by: automatic equipment in the concentra- 
ting plant. an oes | | = 

oa |  pevelosnent samples are af eagei and plotted on tracings of the mine 
plans, and vertical sections, the latter being usually at po oOe intervals 
though. sometimes at 50-foot a a 


+. .Weighted assays axeised shininiee final grade in ore estimates. 
‘These estimates of ore tonnage are prepared by taking the areas from the sections 
with a plenimeter. ‘From these areas the volume is colculated by the use of the 
prismoidal formula. %re:of high iron content. is taken at cubic feet. to the 


ton, and lower grede material at 10 cubic feet per ton. 
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METHODS OF DEVELOPMENT AND MINING 


- ‘Dr prifting - 

. As will be noted by reference to Figure 3, the Continental main adit 
starts in the grancdiorite on the west side of Hanover Creek and encounters the 
contact at 400 feet from the portal. It continues under the contact ore body 
to its junction. with the Bere uees fissure already. iceceshede: | 


All haulagevays are 8 ‘feet wide by 7 feet high. In driving these drifts 
the labor is paid ona contract basis per foat. of advance. The supplies are 
provided on gompany account. A certer cut round is used in drilling. The mumber 
of holes is varied to suit the hardness -of-the ground. Average drifting costs 
are as follows per foot of advance. i | 


Cost of drifting per foot of advance |. 


*£a0or :_Fupplies :_Compressed air :_ Total 

DVI Neiawencs Soule t oleee : $1.09 : 35.232 

“ Hxplosives..; - me ¢ £2.05 + | eee ot 047 
Muckings....,: 1.69: - -l8 ©: © -—. . -: -1,.868 
TimberinGsawet: «290 t. «63a. Yo 3 Se" : 1.816 
PIPiIng secs o> . dell 4 mm ge et LOI 
libgelela eee eee fa OG 44 = : 1.071 


1 50 ser cent strength gelatin dynand te. Re a 


Standara ea nbex sets of New Mexico Douglas fir, peered with creosote, 
are used where necessery. Figure 4 shovs the:method of timbering on curves. | 
Thirty-five-pound standard rails are use? throvehovt.the haulage level at a track 
gage of 36 inches spiked to 5-inch by 5-inch by 5-frot timber ties at 24-inch 
centers. Ties also are treated with crevsote before being used, Track grades 
are carried uniformly 0.5 ner cent in favor of the loaded trains. All curves in 
the main drift are made -uzon a 100-foot radius, and the.crogscuts are driven froz 
drift on curves of 54-foot radius.. This malzes a satisfactory track and drift 
layout for heavy trains and constant use, with a minimum of repairs end haulage 
troubles. 


.. A useful method -of obtaining .a smooth curve has been developed by the 
engineering department. A ter tue point of curve is determined, a 6 by 6 timber 
is fastened horizontally in tne roof. On the bottom side, svads are driven at 
uniform intervals. so that they can:be used successively to give the center for 
each 5-foot round. After the spads are placed the miner can put in the curve 
Without additional engineering assistance. ip | = 


' Forced ventilation 1s necessary only:in long dead-end headings. This 


is suppli ed as required. through vent tube by motor-driven fans. A single-stage 
fan can corny Se E Ce CRY air for.a distance of 1,000 feet to yeni’ the face. 
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Hose coupling for 1-in. hose 1-in. rock-drill throttle valve 
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Connection to drill 


Hose coupling and camp for 1-in. hose 


Figure 5b. — Valve and hose fittings for Leyner drills, using 1-in. atr hose 
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Rai si ng 


+ 


As far as possible raises are driven.on 2 45° slope, as it, is found 
that the cost of driving is less on this angle. > er Co 


- Pilot raises in nev ore bodies are usually 300 feet to 400 feet long 
and are driven up the dip et inclinations ‘of 55 td 70°. Under these conditions 
they are made about 7 by 10 feet in cross section and timbered to provide a 
manway separate from the ore pass. Stulls of 10 by 10 timbers are spaced 5 feet 
from center to center on the footwall, and dividers are laced ‘so as to leave 
a menway 3 feet 6 inches by 7 feet. The manvway is provided witha heavy ladder, 
and a siidvay is placed on this in a manner similar to that in the grizzly man- 
ways hereafter described. The manvay is separated from the ore pass by 3 by 12 
inch planks. The timbering is t:ept within about 25 feet of the face of the 
raise. The top of the manvay is protected by a heevy bulkhead, When required, 
a ventileting fan is placed at the bottom of the raise, and air is carried to 
thé face through &inch ventube. © : | ae 


After a connection is mide the timbers are taken out.of the raise 
end salvaged as far as possible. ‘It is found that the large section used for 
these pilot raises is necessary for successful operation as an.ore pass: A 
small raise choxes with wedged blocks of ore and is a source of trouble and 
expenses. | | 7 | . 


Costs for timbered and inclined raises are not kept separate. (Large- ~ 
size raises driven in ore are cnarged to stoping.) The average of all develon- 
ment raising is as follows per foot of advance: 

Cost of development reising per foot of advance 


; Labor : Supolies :_ Air :_ Total 


Drilling......-: g2e2l4 : $0.50 +: 0.796: $3.460 
Timbering......: 147: ° 129 : eetep 6276 
Piping....,--+-: 047: .-- 047 3 -—--! ~O94 
Explosives ....: -- : 1,519 ; -- : 1.519 . | 
General......--:_ e131) :_. 001: --: ~132 
Total......: ——e B,539 : 20146 : -796: 5.481 


‘Compressed-Air Connections . 

A standardized system of hose connections has been develoved which 
has reduced the numberof pavts and made machines ond -hoses readily interchang- 
eable. These fittings are ‘shown in Figure 5. Two sizes are required. Threé- 
quarters-inch hose is: used for stoping; ‘plockholing, and raising. For drifting 
with Leyner-type machines it has been found that larger hoses are desirable and 
l-inch fittings are provided for this purpose. eM 


SW 40 4 
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Drill-Steel Sharpening and Drill Maintenance 


Three classes of drill steel are used. 


‘Drifting machines use 1-1/4 


inch hollow-round steel; jactthamners use 7/ S-inch hollow-hexagon steel;- and 


stoppers use l-inch quarter-octagon drill steel. 
on each class of steel. 
ter of bit. 


Double taper bits are used 


Changes are 18 inches in length and 1/4 inch in dieme 
Soluble cuenching oil is used at frequent intervals for keeving 


the shen ends of the drill steel of ROrEsck hardness to prevent breazae of 


the air érill pistons. — 


bee Sy 2 “The following figures give tha ne results of a 2 


steel “breakage: 


Mechines 


years! roe of drill- 


| Ratio of steel 


: Drill steel  . Sharpened to | 
; steel -broken 
| ‘Leyner. weceet 1-1/4 inch hollow round ~!: © = 10.86 
_  Jeckhammer..: 8 8 inch hollow hexagon :— 28.13 
Stoper......2 1 9,34... 


eee ot er eae 


The cost of sharpening the three classes of drill steel per shift of 


air-drill ‘Operations | is as 2 OSTONST : 


~- 


: Cost per aril sift 


2 ieonee ie Ce oe $2 


_ fackhommer:. type var 
he a types : 


5S 
° 


> 


Wough line eters are seed 022 all nir-operat ea machines. “A special 


mon is used to fill. these. oilérs ca‘ecch shift: 


‘fhe average. costs of machine 


drill maintenance for each élass of: orill.. is 2s ‘follows: pas shift. aed 


Kevair lator aa SSL 
‘Repair supplies......325°16774 - 
Lubricants. ae See Te 


- 3 
: ‘ 
e@eeos'e @eeeneenest ..., 


As the ore end rock are both unusually hard,. special efforts are me 
to keep all compressed air equipment in good mechanical condition so tha 
maximum return will be received from the operator's time. 
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ee Mining Method 


By axielee an adit through the eranodiorite to bis. setae: ore body | 
and then drifting along the oré, ea vertical stoping distance of about 350 feet 
was made available on the vwest:side of the valley. Figure 3 shows the position 
of this drift, known as the Continental main adit. It connects to the Cont inen- 
tal shaft and effords good natural ventilation for the haulageways. ‘One shaft 
has been 2ut down.below: the heukage level, but the ore: thus developed is not 
at present ESAU sree a end stoping is cea on only above the adit level. 


The method of stonine that has nr developed for working these irreg- ~~ 
ular bodies is classified es a "naturally supported open stope" with "irregular 
pillar errengerment". A maven of svecial conditions are necessary to meke this 
system ap»licable. The wall rocl: and the ore body mst voth be strong and ¢ep- 
able of stending uw) over 2 considerable area. T6 justify the exnense of: cutting — 
out the roof al the ore eee sould have a. ede of at least 25 feet. ane 


Figure 6 snovs an idealized longitudinal section inclined at about 40° : 
from the vertic2] to illustrate the method of mining, Figure 7-shows a transverse * 
section. The ore bodies are ceveloned by chutes at 150-foot intervals along the 
main haulage eeveds asap es pen Seree helf ney DEVS en an ede pe ir Of 
Chutes. ©": . a , os ae a er ee . ae: 


ieinkes sik Sianika i adieeks 


These chutes lead to grizzly chombers 2d. feet. above the level, where — 
the large bowlders are bulldozed to pass a 16-inch opening. The grizzly bars 
are used in pairs, end are of 0.6 ner cent carbon steel, 1 by 6 inches in section. © 
These grizzly chambers are usually mede in the ore. They are served by manway 
reises and drifts, the construction and design of ‘‘hich can be seen in Figure 8. 
The drifts are driven «ith 2 turn to »rotect the ladderway when blasting is being 
done. It is rarely necessary to timber the manvway raises to the grizzly chambers, 
but they are provided with substential ladders built with 3 by 4~inch sides end — 
2 by 4 by 28-inch treeds spaced at 10-inch intervals center to center. These — 
ledders are 20 inches wide inside and »rovided with ] by @ inch boards for a 
skidvay for ease in raising and lowering drill steel Bid (ou oe sunplics. From 
each side of the grizzly chamber, narrcv short ore passes, 6 feet high and 5 feet 
Wide, are driven 10 or 12 feet lene to serve ss'o, throat to sto. the rush‘ of: ore: 
onto the grizzly bars. 


Stoving — 


or ne stoces are. besun directly above this throat and driven upward, at 
a plus 38° “inclination, in the ore toth ways to connect to an intermediate level 
150 feet above. In laying out future levels this distence will be incre cased to 
175 feet in order’ to reduce the cost per ton in chutes and blockholing chambers. 
Small ore passes are continued in the ore 2bove the intermediate level for 10 
or 15 feet, and again stope-size inclines conti:me at plus 38° to the surface in 
the ore. The intermediate level is not contimous. It is stoo ed when the ore 


body pinches out or is interrupted by the intrustion of igneous masses. 
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Underhand stoping can be started at the surface and the full width of 
the ore body taken in safety. The hanging-wall limestone is supported at irreg- 
ular intervals by pillars formed by startin; branch stoves from below and passin 
under the backs to be left. These workings give other places for undercutting 
with jackhammers after they connect to the. surface or to the branches above. 
The pillars are trimmed and arcned for safei; towrkmen below. | 


In many cases, it has been necessary to use Leynemtype drifting m- 
chines mounted on columns for driving the pilot drifts under the roof pillars. 
Whenever the ore is not too hard a jacchanmner macnine is used supvorted by a 
hook from a bar of drill sieel. The ierger part of:the production of the stope 
is mined by underhand stoping from the benches. 


For cutting out the roof-pillar and thus ereeenvide the intermediate 
level, a smail pilot drift is driven in ore from one inclined stove to the other, 
15 feet below the level. This system was taken from the practice of the Burre- 
Burra mine”, Undercr.t mining can be started here 2s soon as this is comleted 
and continued Ly benching the ore dack from the raise along the pilot drift. 
The miners are at all times working in safely protected stopes with well-arched 
roof pillars to »rotezt them from falling ore from above. 


In like manner, branch stoves are begun above the intermediate levels 
at the tops of the narrow ore passes. In many instances hard siliceous material 
encountered in the cevelopment may be used for pillars in the subsequent stoping 
pogram, thus avoiding the necessity of leaving pillars of ore. 


Hanging, central, and footwall bodies’ are mined through the same 

. grizzly chambers by small branch raises, which pass through the horsgs of vaste 
separating them. After a nev bocy is reached, the stopes at plus 38 inclination 
are driven in a manner similar to that described above. 


. "When stosihe is nearly finished in one section of an ore body it is 
possible to trim pillars consideravly end in mony cases to take them out entirely. 
The walls are generzlly hurd and often stand for months over long spans without 
supvort. Caving evertually occurs, nd the 2imestcne and horses of waste mix 
with the remains of what pillars of ore are left. This all falls to the grizzly 
chamber and is well mised. In many cases it is possible to draw this mixed 
msterial and recover the magnetic ore in the cobbing plant. Not more than 10 per 
cent of the ore is lost in unrecoverable pillars. 


| This svstex lends itself well to selective mining, for it is possible te 
leave unprofitcole or undesirable material. It is also possible to empty the 
chutes cuickly and talte out any waste that must be moved. Dikes and horses of 
silicates are continually being encountered that must be removed separately froc. 
the ore. The method also provides means of controlling the sulphur and silica i: 
the mixture. It is often necessary to have the drillings analyzed for these 
elements before a round is blasted. The miners are changed from one vart of the 
stope to Rovner as required. 


Ventilation is good in all the stopes after the first stope has made 


6 a dae ee ee 
5 ~ McNaughton, C. H. Mining Methods of the Tennessee Copper Co., Ducktown, Tex.’ 
Inf. Circ. 6149, Bureau of Mines. 
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Figure 12.— Wheel and roller-bearing detail for ore and waste cars 
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connection either to the intermediate level or to the surfece. The stope faces 
are worked on only one shift, which gives time for the smoke to dissipate before 
the next shift. Compressed air for the first raises is supplied from the line 

on the main haulage level, through the manvay raises and. drifts, up through the 
narrow throat from the grizzly chamber, in l-inch pipe, so supported that it 
suffers very little from falling or sliding rocl:. After connection to the inter- 
mediate level or surface, air and other Buoplyee for stoping are meee into the 


stopes from above, © 


The ore broken by the day shirt is aaenes through the grizzlies by the 
afternoon crew, Who drill and blast on the grizzl: bars as required. For this 
work, light jackhanmers and l-inch drill steel are used. Gelatine dynamite in 
?/8-inch cartridge is used for blasting. The chute below the grizzly has suffi- 
Client cavacity fo hold a treinload of ore. The ore for the day shift hauling is 


drilled and blasted by the afteinocn saift. 


It might anveer that this system of mining requires a laree amount of 
raising. As the headings are large and in ore, the cost per ton of ore mined is 
not much hisher than the cost for the ore. breken by underhand stoping in the 
later develonment of the'stope. It is an important feature of this system of 
mining tnat the usc of shovels in the stozes has been almost eliminated. This 
1s one reason for the low cost of operation. | 


As but little broken ore reserves are corried in the mine the amount 
of canital invested is less tham in sone other systems of mining. This advan- 
tage, and also the ability to do selective mining, make the system very well — 


adapted to this class of ore. 


Wo timber is used ‘in the stones excent for bulkheads, to acest the = 
run of ore from one place to enother as a temporary measure, or to block the | 
run of waste from worked-out stoves pee. ore pesses. 


With this svstem af iin, the cou of ore broken and delivered at 
the ore bin is 10.1 tons per man per shift employed underground. 


Various contract’ and bonus systems have boca kried for the samen of 
miners employed on-stoping. These have increased the cost of supervision and 
have not reduced the cost of mining. At present all stoping labor is paid on a 
daily basis. , : | a | | 


The costs of the operation are as follows: 


Cost of stonins ver lon= ton mined 


___: Labor :Senpli.cs :Conpressed air: Total 
Drilling.......ssssct SOe11L.:. 30.023 :, $0.040 - + $0,174 
MUCIS Neto cae. ater ecasee 001 *:: Pome -- : O01 
TAMVETING ysscw caw eet 003 : 003 :. - - == © 3: 006 - 
Piping eset sea eet 9004 + =~ 002 : —s 2 006 
Explosivest.:.......¢: == - 3 .064 ~~ : 064 
Generd ..5.4........ v_..007-% —- ti 007 
DOUG sniis 6 driers wibie tateles : 126 ; 092 3 | 2040 : cok 


036 : 230 


30 per cent strength gelatine dynamite. 
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Cost of secordary bresking per long ton mined 


> Labor :Sopplie::Ceompressed air: Total 


Blecitholing........: 90,646: 30.004:: -. 50.006 : 50.056 

Griszly maintenance: 002: 002 ;: -- > 004 

Expd. osivest.......6! —— 3 Le 2 2 : 022 

Gene Al Saisie Sa eeee. 2 NOOO: —- 3 ee 2-008 

TOCA daw k Soares eee co) e028 C06 : 085 | 
- Total, ner snory ton 046: 0-5 sD : _.07%6 ! 


L&D per cent. strengti gelatiae dvnamite. | 


| Ba? 


Lon) 
ae 


_ Experience in handling yee tonnages: of this magnetite ore, with an 
average Weight cf about 225 pouris per cubic foot, has taught important facts 
regarding eG ‘seurdi ASss, OL cll e yiiipisent necessary for sucn service. 


~The epgae chete set and the arrangement of overcut and undercut 
gates is shown in Figure 9. This chite was developed from the one used by the 
Fresnillo unit of the Mexi¢an Ccrooration®. Since adopting it, accidents have 
deen reduced to a minimum. The amount cf spill from the gates is small. The 
strong construction results in low maintenance cost. 


Griffith-tyne, bottom dump cars of heavy construction are used for 
ore hauling (fig.10). These cars have a volume of 60 cubic feet and hold 5 ton 
of brolzen ore. The low center of gravity and the simle construction make then 
very suitable for the service. 


For waste haulage a rocker dum type of cer is used (fig, 11). This 
car can be dumped from either side and has been found most suitable and economical 
for disposing of the waste on the dump. | 


Both ore ani waste cars are ecuipnocd with the same kind of manganese, 
steel Wheels and tanered roller tee2in;s (fic. 12). To save grinding exense 
on the inside of the wheels, stccl tarust collars ere made separately; zinc is 
cast around them to hold them in ‘sliacc. ° Fittings are provided for supplying 
grease under pressure, These wheels have been in service several years, have 
caused no expense. for maintsnence and show no appreciable wear. 


‘At present 7-car trains are hauled by 5-ton storage-battery loconotives, 
each equivped with €0 A E2isen cells. A battery-recharging station is located 
at the portal of the Union Hill adit, where the current of air from the mine is 
utilized to keep. the temperature nearly constant. Convenient, overhead trolleys 
and chain blocks are provided for ae the Davee wenees 


Electric block-signal lights’ are ° quaveiies iene the haulageways to 
prevent accident and loss of time. Blectric lights are also provided. Both 
signal = light wires are mount ed with ale metal expansion bolt prackets 
| : 

6 - Baker, Thomas C., Fresniilo Glory-Hole Mining Practice, Details and Costs 
of the Mexican Corporation's Operation in Zacatecas: Eng. and Min. Jour. 
Press, vol. 116, No. 22., p. 931. : 
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which hold them firm. Electric conduit is sed to carry these wires past the | 
loading chutes. | a 2 1s 


The cost of ore haulage per long-ton-mile is as follows: 


Hauling ore oy 
3 “Tabor. : Supplies’ Repairs: _Power: Depreciation: Total 


Chute oneration.......4.: :$0.026: —-- +: 30,018: -- + £30.039 

Locomotive. haulage...... © .066 ;: 30.001 : ~.029:%0.009: 0, 012 =: «117 

Track maintenance.......s  .002': 006 : --: --3 -- : 008 

Car maintenance.........: °O11 : e005 : O01: ~- 3 oe > O17 

General tis ei ewe teaewas. OO 4 -=- 2 oe -- : ~- : C06 

Total per long ton mile.: 11) :_-.012 :_ .043:_ 009; 012 s_— 187 
2099 37.011: 038: .008: Oll_: 167" 


Total per snort ton le: 
oe " EIGIEERING SYST 


The syeten dees in the sneinéesine deoastacut is bocca cack: methods 
used by other companies in the Southwest but hes been arranged to meet local 
conditions. As these methods have. not been described previously in Bureau of 


Mines papers, they are nowy oo in-some detail. 


Surveying 


: The first essential: in a. system of mine surveys is an accurate tit 

. angulefion net covering the; property. At Fierro, this net was started by cons-- — 
tructing concrete monuments (fig. 13): at the places which were cnaeeenadon Saaee . 
manent and of easy access to the various mines. -A base line was conveniently - 

_ chosen and measured with a tape wnich had been standerdized for temperature, 

_ pull, and sag by the United States Bureau of Standards. Its bearing Was accur-— 

ately established by solar cbservations and checked by observing Polaris. ‘The - 
elevation of the tvo base-line points wes established by leveling from a United 


. States Government bench mark about 1 mile north of Fierro. 


of 


The various t ianeies forming the net were then nee by repetition. 
“After the preliminary corrections had been made. to balance each triangle, the © 
‘whole system was again balanced ani corrected by the long method detailed in. 
“"Topographic Surveying": -This last balancing ‘was probably a refinement onnecese=. 
ary for the small triangulation : net at Fierro but wes made.for final Becuratys 


A coordinate system was next establighed, ese enough to include aii 
“company property in the northeast ouedrant. °° a 
; Surface surveys were ‘made locating ell open ates. ‘shafts, hie 


orosvects, buildings, reilroads, some, topographic detail, and geological features. 


Solid permanent bench marks at’ important. tunnel portals and elsevhere were. 
“2stablished for Pena osm es Stekes, 1 vy & by 18 ce were used a the traverse © 


-? — Wilson, Topographic Surveying, oes 28. 
y 
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points and numbered consecutively by means of l-inch-square galvanized iron tags. 
A record showing the location of these stations in numerical order is kept ia 
the office. Prom the main traverse points all detail. was located, each éetail 
point having its number on the survey sneets. These points vere comouted on the 
field sheets and slotted on a scale of 1 inch to 40 feet on detail maps. Main 
traverse survey. stations are all comouted for latitude, departure, and elevation 
in standard commutation books. The eee points ere ‘plott ted by anvles and 
distances, ee from ene notes. : 7 De 

Underground surveys were “ueil erie fron, ee. Spivarsse oa ben ‘h 
marks to all mine workings. Under,round: surveys: aie. numbered. consecubively in 
order of survey; each separate working takes its: own survey muymber and is thus 
indexed. Proper‘record: of sll surveys is made in. regular comutation books in 
the office; and proper indexingz'and filing keep all- SUTVEyS. and survey plugs 
coordinated. Fach has its individuality without question. The plugs or stations 
are marked by 1/2 by 2 by 1/16 inch copper plates on which numbers are stamed 
consecutively and used in the order that stcetions are established, no matter 
What working is being surveved. Hook~style oe ae used for overhead plugs 
and are driven through the numbered plates. ae Bea . 


In raise end stooe surveys, Where the ieee are nn the spad, 
without copper tags, is driven into the »lug or timber and given a letter in the 
notes. Detail on stove surveys is talsen by side shots from instrument points, 
commuted directly on the sheets, and plotted by horizontal angle and distance. 
It has not been necessary at this property to make. regular. stove surveys for 
tonnage estimates. It is, however, very requisite, in stopes where the developy 
ment or pilot raises are irregular and orooked, to pays ecatate Pines piven and 
maps made for connections above. | 7 ogee, BA a , 


All surveys, When and here possible, ere tied it a 2 checl: on 
the accuracy of the work. ee er Pg 


Field notes are keyt on loose~leaf canae (5 by 8 nen): carried ina 
metal—spring back book. These cards are filed and indexed in the office end 
are kept in the files, excopt when actually in use.-..All new plugs oF points ale 
recorced on the proper tag index sheets, The computation book number anc pegs 
number aré marked on the corresponding. field Sheets in order that each separate 
computation may be found ezsily for checking puryoses., -Each survey has its 
senarate age or grows of pases in the computation books.. A record sheet of 
compuvation, indexing, filinz, end checking is kent on each survey number, The 
engineer usually cormutes his own notes, which are later chec'ced by the helper. 
Any mistakes are rechecked by. the engineer and from the checked computations 
a simple record card (5 by 8 inch) is filled out, showing only the stations, 
bearing, horizontal distance, latitude, departure, and eleyation of each survey 


station, vith references and remarks on how and where to find the original notes. 


These record sheets take the same survey mumbers as the field sheets, are filed 
in order, and carry sufficient data for plotting on the maps. 


Manping 


A guide map was made on a scale of 1 inch to 500 feet covering the 
entire prooerty, upon which are plotted only the important underground levels, 
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surface claims, government: sub-division corners, the triangutation net., and 
the system of coordinates... This shdet' i's divided into parallelograns,. 1,100 


fect ins north-sotitha direction, numbered ‘consecutively from south ‘to north; 
and l, 500. feet in-en east-west direction,- lettered consecutively from vest +0 
east. 
.s Qn: the ‘guide: map also appear the exact position and Size of the large 
table. mans, -. rom, which the cbove-fentioned trscings sre made. The table mons. 
saner on a'scale of 1 inch to 40 feet 


are made on. Duplex cloth-mounted detail 
and are. 52 inches. wide and from 15 to 1& feet in length. They are composite 


working, maps; pci op them appear ell levels, main and intermediate, and ‘surface 
details. They ace brought us to date at tue first of each montn; and the posi- 
tion of all:rataes, Winzes, siafts,. diamond-drill holés, and prospect holes is 
plotted. | These. maps snow full detail.of all mine Wor-rings but not enalyses or 


eotlogy, which enecerew ae is ae on tracings. 


“These Genes are 30 by 40 aetree. Aag made eueuels: for the sur- 
face and each level of the underground workings. Each tracing is given a serial 
number and also its coordinate letter and mumber as shown on the guide map.’ 


Tims: 
~-EATOVER BISSSCER TROK & COPPER 00. 
Fierro, ew ree 3 eke 
UNTON HILL MINE -- 300 LEVEL’ | 
Meee and Geology 


_ Scale os ia a. = 40 ft, . Date 3-7-25 


- 


© Sheet Woe 26-G-10 oe (c+ By F.B. OH. 
‘File wo. 30 - B 


The number "2c means that it wus the c6thi tracing to be made from the 
large mounted mans. The: coordinate letter "G" and number "10" correspond to its 
position on the guide map. The-mine and level repressntea are given in the title, 
and the File Tio. "39-54 is the filings cerd Rereseiee and ‘draver oRter in the 


Map cabinet. 


All tracings of mine mas ore of this Sire oe are “filed together. 
The sheets were purchased already printed and coordinated, and fit. exactly 0 over 


each other. are. os a, eee . ae : 


“vertical, a0. nee. to ae meneral strike of ‘the contact, and at 


100-foot intervals. along: 2 muide line drawn on-the large table mads,' are drawn 
on tracing cloth. ‘These sections. sicher to nano are Ny, a8 


Says, and geological data. 0: 


Oe 
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White prints are made. from the ec aee. and the ore: elles are out- 
lined and colored on these prints.” Similar sets are made from the plan tracings 
and colored. These prints are. of ‘Eteat help in calculating ore reberves and in 
directing development work. 


Special stope mans are msde on a.ecale of.l:inch to 20 feet for the 
use of the minine denartment. On this lerger scale, the plotting of detail can 
be done to better advantage, Tracings of these stone maps, which are brought 
uy to date from time to time, are carried by the mine superintendent for refer 
ence i ac Cloth stands ne hard wear ae ee etnes than pet: 


The original large table maps aaa tose maps are: rolled and filed in 
pigeonholes in the vault properly designated for them. All other maps are mée 
in one of four standard sizes and filed. flat in the drawers of the filing cabinet, 
The drawers of the eabinet are lettered. Each map is numbered consecutively re- 
gardless of the size; but it also carries a letter to desimmate: the drawer in 
which ‘it belongs. ‘The Tollcwing. table will make the nae ae ras more 
Clear: | | 


“BS by 38° 2 18 by 24.3 6-1/2 by li-l/2 
: inches’ : inches_ s inches _ : inches 
Original..: A Bre 2, : Gee Os J 
Tracing...: B : BE : &£ : 4 
ee 


Print. iu.s3 C Te cit 


In this way, the originals, tracings, and prints are kept separated in the cab- 
inet. Foreign maovs ere trimmed or folded and filed in the same manner. One 

drawer is used exclusively for the 30 by 40 inch mine ‘tracings so that they my 
be found quickly and kept sevarate from all other classes of tracings. To index 
all maps and kee: the mumbers in. order an index boak is used in which all dray- 
ings and maps are listed as received. A card index is also maintained in which 
each drawing is cross~—indexed under all possible neue tnee z0P ‘easy reference. 


MAGNET t C Rox CETTRAT I or 


The ore, . as it. is Sroiene from the mine, is dumped through the botton 
doors of the ore cars into tne hopoer of a:No. 9.D gyratory crusher. This re 
duces the size to pass a 5-inch opening. From the: discharge, the ore is carried 
to the storage bin by a belt conveyor. The arrangement of the crushing and 
cobbing equipment is shown on the flow PHeew in eure 14. 


’ The operation is Porere. a As the dust is heavy and abrasive, 
special means are provided to protect the electrical equipment. Sealed sleeve 
motors are used throughout. All other bearings are provided with fittings for the 
use of grease under pressure.- The larger motors are installed in dustproof houses, 
using steel housings around the pulleys and belts. All of the starting switches 
are located inside of a dust proof room.and arranged in order, ‘80 that the equip 
ment can be started in the proper sequence. ~ | a 


8.82 | ~.18; - 
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Yor the magneti@ separation, three belt-tyne concentrators are used | 
on the coarser sizes, and an agitating drum-type machine is used for the fine 
sise. The comparative xesults obtained by the different machines is ehomn 

fn the following table of a, tynical day's operation on. dry material. ... 


 jAmperes:___Heads : Concentrates: _ “Tails : 
Size : ‘Tons:Per Scat iene! Per cent:Tons:Per cent:Recovery, 


: ‘ : Fe : : Fe : : Fe :per_ cent | 


Plus 1.5 inch....: 4.0 : 204: 42.1: 168:- 48.0: ; 36: 14.4 gto 
Minus 1.5 inch = 3 | oy. eee. ee a | 
plus 0.75 inch..: 3.5 218: *: 7 2 181: 50.8 .: 37: 15.1: 94.3 


Minus 0.75 inch : ; 
plus 0.17 inch..: 3.0 .: 195:. 42, 3 : 148: 50.9 :: 47: .15.1 :- 91.4 


Minus 0.17 inch..: 5.0 :: 265: 38.4 :: 158: 53.2 107: 16.5 : 82.6 
655: 50.7 : 227: 15.7 


ee 


Combined........ us < age: : 41.7 90.3 


At times the presence of a small amount of moisture in the fine ore 
reduces the per cent of recovery end the percentage of iron in the concentrates . 
of the fine size. Some of the ore mined is uniformly low in iron percentage and 
cannot be much improved by concentration at the size that grinding is now done. . 
By grinding to minus 60 mesh, the iron and impurities can be ‘separated, and con- | 


centrates high in iron can be a by a: gai means. 


The fiela strength ie controlled - caring the amperes in the circuit 
while the number of turns on ‘the poles is constant. .This adjustment is very |. 
sensitive. A small change in the amperes makes a considerable change in the 
recovery obtained and in the iron percentage of the products, | 


eo ¢ 
’ 


oe = & 
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Detail of cost in units of labor, power, and sunplies, year 1929 


Labor 


Long tons mined per man-shift underground 
Long tons concentrates shivved per man-shift 
(all labor surface and underground).. 


Supplies 
‘Explosives 


Stoping per long ton ee ee 
Secondary breaking per long 
ton mined 
Drifting per foot 
Raising per foot 
All purposes per long oR. 


@eerteeeesvenkveeeee#e*e«ee8t & e® @ @ @ 


eeeeseee#8te8eeee#e 


Electric energy 


Compressed air per long ton 


OY MINE 6 oe 6.66 48d 6S ees .? 


All purposes per long ton 


concentrates snipped.......: 


1 —- Note: 


8182 


ee re 10.12 (11.33) 
bode euateleienens Sell (5.72) 
>> Pounds. : Feet =: Number 
: dynamite ° fuse = caps 


"0.355 (0. 317): 0.89 (0.79):0.126 (0.113) 


: 2096 ( .086) : 46 ( .41): 151 ( .135) 
°9.92 $25.17 —. 4,20 
7.30 :21.80° 1274 


> 580 ( .518): 1.71 (1.53): “2329 ( 294) 


Kilowatt hours 


2.91 (2.60) 


e 
e 


6.91 (6.18) 


Figures in parentheses have been reduced to a short-ton basis. 
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Figure 13. - Triangulation monument, Not drawn to scale 
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No. 9D Allis-Chalmers 
gyratory crusher 
Yenene- Adamson pan conveyor 


No. 74 Gates 
gyratory crusher 


88 by 48 inch ratchet grizzly, t-inch openings 
© 96 by L8 inch ratchet grizzly,1q-inch openings 
(3) Traylor “Supreme” electric vibrator screen, qrinch openings 
® Ding’s magnetic cobbing machine, belt type, using 4 amperes 


; 
Ding’s magnetic cobbing machine, belt type, using $Z amperes 
Ding’s magnetic cobbing machine, belt type, using 3 amperes 
Ding’s magnetic cobbing machine, agitating drum type, using 5 amperes 


Figure 14.— Flow sheet of cobbing plant 


